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COPPER ALLOY SUITED FOR ELECTRICAL COMPONENTS AND 
HAVING HIGH STRENGTH AND HIGH ELECTRIC 
CONDUCTIVITY 

FIELD OF THE INVENTION 
The present invention relates to a copper alloy which 
exhibits high strength and high electric conductivity as well 
as improved, chemical etching property and bending formability. 
The copper alloy, to which the present relates, is suited for 
use as the electrical components, such as lead frame of 
semiconductor devices, e.g., transistors and integrated circuits 
(ICs). 

BACKGROUND OF INVENTION 
The trend of IC packages in recent years can be 
char acterei zed by weight-reducing, thinning, shortening and 
narrowing. This trend is accelerated more and more along with 
the recent spread of surface packaging. Simultaneously, the 
IC packages are being provided with more pins and their heat 
generation is lessened along with the functional increase of 
IC chips. 

The structure of the IC packages has been changed and varied 
specifically as described as follows. 

Conventionally, the pin-inserting package, which is 
represented by the dual inline package (DIP), had been used 
frequently. This package has, however, been replaced more and 
more with such surface-packing types as the small outline J-lead 
package (SOJ), the small outline package (SOP), the quad flat 
package (QFP) and the like. As a result, the surface package 
in the current trend of IC packages has very high packing 
density. Most recently, since the pins have been increased, 
QFPs with fine lead-pitch are more popularly used. In addition, 
reduction in sheet thickness is being promoted, as is represented 
by the thin small outline package (TSOP), thin quad flat package 
(TQFP) and the like. 

Incidentally, most of the leadframes with multi-pins and 
narrow pitch-gap is usually manufactured by means of chemical 
etching to groove a copper sheet in the direction of the 
thickness by corrosion. However, the corrosion results not only 
in the intended grooving in the direction of the thickness also 



in side etching in the direction of the width cf the sheet, 
i hi means that a thinner sheet is .ore advisahie with * ,jn~ 
to forming accurate iead-width and lead gap. In order to meet 
the retirements for providing thin packages, it is necessary 

thicks of the leadframe. Thickness of the copper 
lets produced at present, therefore, tends to decrease from 

0 15mm to 0.125mm and further to 0.1mm. 

tempts have heen made to replace the etching „«h press 

forming. Remarkable improvements in fine press-forming tech 

'igues in recent years have supported these 

press forming is superior to etching, however, it would only 

^rtre'verre-strength of leads is -eased due t 
auction in thick me s s o f ^^^^^ 
Z rtiZf "trice! device. trials of the leadframe 
should, therefore, have strength as high as possrbl. so a. 

of a leadframe is, therefore, an important factor. 

„ summary, various properties as follows are reared 
for the material of the leadframe of « 

(a) High enough mechanical strength so that the leads 
a leadframe are not easily deformed. 

Z Excellent chemical etching property and P«" 
, formality so as to delineate the lead pattern of a . ram . 
(o) High enough heat conductivity so as to enable 
heat-dissipation from the IC chip being 

,d) Excellent electric properties, such as the Ag a 

. ^ h "e, Excellent rellib i e 
semiconductor device in a package. 

solder-bonded portions are required ^ 
(f) Excellent Ag-plating property required to 



of an IC chip and an inner lead. 

(g) oxidation resistance is so excellent that the material 
surface is not oxidized when subjected to a heating process, 
such as the soldering process 

(h) Excellent cyclic bending property. 

( i ) Low price . 

Both copper alloys, such as phosphorus bronze, and 42 Alloy 
,42 wt* Ni-Fe) «hlblt a merit from the viewpoint of several 
aspects and a denerit from the viewpoint of other aspects. In 
' other words, the conventional materials do not satisfy all of 
the required properties mentioned above. Particularly, the 
conventional materials of a leacframe cannot be said to 
satisfactorily meet the properties required for strength, 
hem cal etching prop.rty and bending formability, which ,hou d 
„e further improved alon, with the trend of the le.dframe, that 
i5 , increase in the number of pins, more complicated shapes 
due to downsizing, and narrowing of the pin gaps. 

in at least some of its embodiments the present invention seeks as a 
> first goal to orovide a metallic material, which meets every 

nTofthe above mentioned properties required for the leadfram. 
of semiconductor devices and the like, and which «d »M« 
strength in terms of Vickers hardness of approximately 200 or 
^.. corresponding to 6S*f/- 2 or more of tensile stren^ w 
S 7o* or more of IACS .IACS: International Annealed Copper Standard 
lr. 100% IACS is equal to an electrical eo^«t, oflOO. 
pure copper), corresponding to approximately 15 time, higher 
than tn.t of 42 Alloy, and improved bending formability and 

chemical etching property. ^/Sf^rovide 

AS a second goal the present inventxon/to 

. metallic material, which meets every one of the above mention., 
properties .squired for the leadfram. of semiconductor devices 
the like and, which exhibits 6Skgf/mm 2 or more of tensile 
T noth 50«ACS or more, preferably approximately 70.IACS 

As a third goal the present invention se^, to 

achieve the first goal and also to improve the pr.s.-blankin, 
formability of the nBtalal. 
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The present inventor made a study to attain the first goal 
and arrived at the following conclusions. 

Copper, which is the base material of the copper alloy, 
has heat conductivity far more superior to that of 42 Alloy. 
Copper alloys are, therefore, much more advantageous than 
non-copper materials for a leadframe in heat-dissipating 
property. In addition, the electric property, Ag-plating 
Property, soldering property, oxidation resistance and elongatxon 
of the copper alloys can be maintained at a relatively good 
level as compared with those of 42 Alloy. Therefore, when 
strength, cyclic bending formability, and chemical etching 
property imparted to a copper alloy attains a level required 
for a thin leadframe, particularly having a thickness of from 
0 io to 0.15mm, and when the above mentioned, relatively good 
properties are not impaired, then the drawbacks of the 
conventional copper alloys can be eliminated, so that xmproved 
raaterials suited for the leadframe of semiconductor devices, 
a conductive spring and the like can be provided. 

Based on the conclusion as above, the present inventor 
paid attention to the metallographic characteristics of the 
Cu-Cr-Zr alloy, which is one of the precipitation-hardenxng 
tyP e copper alloys and hence can have high strength as compared 
Jth the solution-type copper alloys, ■"^■"^ t £_ lr 
electric conductivity. As a result of research on the Cu-Cr Zr 
alloy, the following discoveries are obtaxned. 

(a) Cr and Zr are very effective elements for xmparting 
high strength. In addition, Cr contributes to enhance the 
electric conductivity. However, the satisfactory strength 
reguired for a leadframe or an electro-conductive sprxng cannot 
, be ensured only by addition of these elements. Addition of Tx 
and Fe is effective for further enhancing the strength. 

<b> Although Ti and Fe are very effective for enhancxng 
th e strength of the copper alloy, the chemical 
and electric conductivity are greatly influenced by thexr 

s content. The addition of Ti and Fe ^"^'^ 

nf a ttainina aood chemxcal etcmuy 

soecified for the purpose of attaxnxng 

p r pe V ana electric conductivity. When the content, of the 
lucyinc cogent*, i.e.. Cr, Zr, Ti end re .e -eil as the 
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ratio of alloying elements are strictly controlled xn the copper 
alloy with the addition of Ti and Fe, various properties such 
as the strength, electric conductivity and chemical etching 
property can be balanced at a high level. Furthermore, when 
the solution-treating temperature of the Cu-Cr-Zr alloy wxth 
the addition of Ti and Fe is so controlled to attain 60 um or 
less of average grain size, the bending formability can be 
balanced with the above specified properties at a high level. 

(c) Addition of Zn, Sn, In, Mn, P, Mg or Si to the 
above mentioned alloy in a specific amount can improve the 
reliability of the solder bonded portions and can further enhance 
the strength properties. 

The present inventor made a stuay to att** 
and arrived at the following conclusions. 
The copper-base alloys exhibit good heat conductivity and 
electric property. Their Ag-plating property, soldering property, 
oxidation resistance and elongation are relatively good as 
compared with 42 Alloy. Improved materials suited for the 
leadframe of semiconductor devices, a conductive spring and 
the line can be realized, provided that strength, press-blanKxng 
formability and bending formability meet a level required for 
a thin sheet, while the above mentioned, relatively good 
properties are not impaired. 

A study of the Cu-Cr-Zr alloy by the present mventor 
revealed the following discoveries <d>, (e) and (f). 

< d ) Cr and Zr are very effective elements for provxdxng 
h<«h strenath. Cr also contributes to enhance the electric 

press-biasing formability 

suited for a leadframe in future cannot, however, be ensured 

) onlv by addition of Cr and Zr. 

,., Addition of sulfur (S. into the copper alloy. has been 
h eretofore avoided, because it would exert considerably detrimen- 
tal influence upon the elon g ation. However, the S added to the 
Cu-Cr-Zr alloy at a strictly specified concentration out- 

> standing improves the press-blanking futility, while 

incurring no practical detrimental influence upon the properties 
Quired for , leadframe, primarily, elongation. Such various 
properties as strength, electric conductivity and pre.s-blanRin, 



formability can be balanced at high level. In addition r 
the bending formability can be balanced with the other properties 
at a high level, when the average grain size is controlled to 
60 pm or less. 

(f) Addition of Zn, Sn, In, Mn, P f Mg or Si to the 
above mentioned alloy in a specific amount can further improve 
the reliability of the solder-bonded portions and strength 
properties. 

The third goal is attainable based on the above dis- 
coveries (a) through (f) mentioned above. 

The invention, which seeks to attain the first goal, involves 
the discoveries (a) through (c) and is related to the copper 
alloy suited for electric components and having high strength 
and high electric conductivity, consisting of from 0.05 to 0.40% 
(percentage of alloy components is a weight %) of Cr, from 0.03 
to 0.25% of Zr f from 0.10 to 1.80% of Fe, from 0.10 to 0.80% 
of Ti, and balance of Cu and unavoidable impurities, where the 
Fe/Ti weight ratio is from 0.66 to 2.6 in a range of from 0.10 
to 0.60% of Ti, and the Fe/Ti weight ratio is from 1.1 to 2.6 
in a range of from more than 0.60 to 0.80% of Ti, and having 
60 pm or less of average grain size. This copper alloy is 
hereinafter referred to as the first copper alloy and may further 
contain (a) from 0.0 5 to 2.0% of Zn and/or (b) from 0.01 to 
1% in total of at least one element selected from the group 
consisting of Sn, In, Mn, P, Mg and Si. The outstanding features 
of the first copper alloy are that such properties as strength, 
electric conductivity, chemical etching property, bending 
formability, and reliability in the solder bonded portions are 
balanced at a high level. 

The invention, which seeks to attain the second goal, involves 
the discoveries (d) through (f) mentioned above and is related 
to the copper alloy suited for electrical components and having 
high strength and high electric conductivity, consisting of 
from 0.05 to 0.40% of Cr, from 0.03 to 0.25% of Zr, from 0.0005 
to less than 0.01% of S, and balance of Cu and unavoidable 
impurities, and having 60 pm or less of average grain size. 
This copper alloy is hereinafter referred to as the second copper 
alloy and may further contain (a) from 0.05 to 2.0% of Zn and/or 
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(b) from 0.01 to 1% in total of at least one element selected 
from the group consisting of Sn, In, Nn r P, Hg and Si. 

■\ Outstanding features of the second copper alloy are that such 
properties as strength, electric conductivity, bending 
5 formability, press-blanking formability and reliability in the 
solder bonded portions are balanced at a high level. 

The invention, which seeks to attain the third goal, involves 
the discoveries (a) through (f) and is related to the copper 
alloy suited for electrical components and having high strength 

10 and high electric conductivity, consisting of from 0.05 to 0.40% 
of Cr, from 0.03 to 0.25% of Zr, from 0.10 to 0.18% of Fe, from 
0.10 to 0.90% of Ti, from 0.0005 to less than 0.008% of S, and 
balance of Cu and unavoidable impurities, where the Fe/Ti ratio 
is from 0.66 to 2.6 in a range of from 0.10 to 0.60% of Ti and 

15 the Fe/Ti ratio is from 1.1 to 2.6 in a range of from more than 
0.60 to 0.80% of Ti. This copper alloy is hereinafter referred 
to as the third copper alloy and may further contain (a) from 
0.05 to 2.0% of Zn and/or (b) from 0.01 to 1% in total of at 
least one element selected from the group consisting of Sn, 

20 in, Mn, P, Mg and Si. Outstanding features of the third copper 
alloy are that such properties as strength, electric 
conductivity, etching property, bending formability, 
press-blanking formability and reliability in the solder bonded 
portions are balanced at a high level. 

25 

In the first copper alloy, the alloying components and 
grain size are limited as described above because of the 
following reasons. 

A) Alloying Components 
3 0 (a) Cr 

Cr precipitates due to aging after the solution 
heat-treatment in the matrix of the inventive alloy which 
contains Zr, Ti and Fe in addition to Cr. Thus, the function 
of Cr to enhance the strength and electric conductivity is 
3 5 realized. Cr is present in the alloy in an amount effective 

to realize such function, that is, at least 0.05%. On the other 
hand, if the Cr content exceeds approximately 0.30%, the un- 
dissolved Cr remains in the matrix even after the solution heat- 
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treatment* Futhermore, when the Cr content exceeds 0.40% coarse 
inclusions of Cr in the form of whiskers are observed on the 
cross section vertical to the rolling surface, when such cross 
section is chemically etched. Such coarse inclusions impair 
5 the chemical etching property and cyclic bending formability 
required for manufacturing a lead frame. The Cr content is 
therefore specified to be from 0.05 to 0.40%. 

(b) Zr 

A function of Zr in the first copper alloy is that 
io it forms a compound with Cu due to the aging treat-ment and 

precipitates in the matrix to strengthen it. Zr should be present 
in the first copper alloy in an amount effective for realizing 
such function, i.e., 0.03% or more. On the other hand, if the 
Zr content is greater than 0.25%, the undissolved Zr remains 
is even after the solution heat- treatment in the matrix, with the 
result that the electric conductivity and bending formability 
are impaired. The Zr content is therefore specified to be from 
0.03 to 0.25%. 

(c) Ti and Fe 

20 Ti and Fe form an intermetallic compound thereof 

in the matrix of the inventive alloy when it is subjected to 
aging; as a result, the strength is further enhanced. Ti and 
Fe are present in the alloy in an amount effective to realize 
such function, i.e., at least 0.01% each. On the other hand, 

2 5 when the Ti content exceeds 0.80% or the Fe content exceeds 

1.80%, the inclusions, whose main components are Ti and Fe, 
and which are undissolved in the copper-alloy melt, grow to 
5 pi or more, with the result that the etching property of the 
copper-alloy sheet is seriously impaired. 

3 0 It is to be noted here that the strength and electric 

conductivity of the inventive copper alloy greatly vary depending 
upon the Fe/Ti weight ratio even if the sum of Ti and Fe contents 
is equal. More specifically, the electric conductivity greatly 
lowers, when the Fe/Ti weight ratio is less than 0.66 in a range 
3 5 of from 0.10 to 0.60% of Ti, and, when the Fe/Ti weight ratio 
is less than 1.1 in a range of from more than 0.60 to 0.80% 
of Ti. On the other hand, the strength lowers, when the Fe/Ti 
weight ratio exceeds 2.6 in the total Ti range of from 0.10 
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to 0.80%. Therefore, the Fe/Ti weight ratio exerts an influence 
on the electric conductivity and the strength in a manner 
contrary to one another. The electric conductivity and strength 
can be balanced at a high level, when the Fe/Ti weight ratio 
5 is from 0.66 to 2.6 in a range of from 0.10 to 0.60% of Ti, 
and the Fe/Ti weight ratio is from 1.1 to 2.6 in a range of 
from more than 0.60 to . 0.80% of Ti. Preferably, the Fe/Ti weight 
ratio is from 0.66 to 1.7 in a range of from 0.10 to 0.60% of 
Ti, and the Fe/Ti weight ratio is from 1.1 to 1.7 in a range 

10 of from more than 0.60 to 0.80% of Ti, because the strength 
is higher than attained by adjusting the Fe/Ti Weight ratio 
to more than 1.7. 

The Fe and Ti contents as well as the Fe/Ti ratio are 
specified as described above, based on the considerations 

15 described above, so as to fulfill the requirements of strength, 
electric conductivity and etching property, 
(d) Zn 

Zn is added, if necessary, to the inventive alloy, 
for the purpose of enhancing the heat-resistant peeling property 

20 of the solder. Zn is present, if necessary, in an amount 

effective to realize the above described function, i.e., 0.05% 
or more. On the other hand, when the Zn content is more than 
2.0%, the electric conductivity is lowered. The Zn content is 
therefore specified to be from 0.05 to 2.0%. 

25 ( e ) Sn, In, Mn, P, Mg and Si 

Sn, In, Mn, P, Mg and Si strengthen the inventive 
copper alloy mainly due to solution hardening, without incurring 
excessive reduction in the electric conductivity. One or more 
of these elements are added, if necessary, to the inventive 

3 0 alloy. In this case, this element(s) are present in the inventive 
copper alloy in an amount effective to realize the above 
described function, i.e., 0.01% or more in total. On the other 
hand, when these element(s) are contained in the inventive alloy 
in an amount greater than 1.0% in total, the electric 

3 5 conductivity and bending formability are impaired. The content 
of Sn, In, Mn, P, Mg and/or Si is, therefore, set to be from 
0.01 to 1% in total. 
B) Grain Size 
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Grain size of the first copper alloy exerts a great 
influence upon the bending formability. More specifically, 
the bending formability, which is measured by the cyclic bending 
formability herein, is enhanced with the decrease in the grain 
5 size. The average grain size is adjusted in the present invention 
to a value of 60 pm or less. The grain size can be adjusted 
to a small value by lowering the temperature of the solution 
heat- treatment, depending on the alloy elements and their 
concentrations • 

io In the second copper alloy, the alloying components and 

grain size are limited to the above described values because 
for the following reasons. 
A) Alloying components 

(a) Cr 

is The function of Cr and reasons for limiting the 

lower content of Cr are the same as in the first copper alloy. 
On the other hand, when the Cr content exceeds approximately 
0.30%, Cr remains undissolved in the matrix even after the 
solution heat-treatment. Furthemore, when the Cr content exceeds 

2 0 0.40%, tailing (that is, metal pieces separated from the burrs) 
of the press-forming is liable to occur, with the result that 
stable pressing operation is impeded. The Cr content is therefore 
set to be from 0.05 to 0.40%. 

(b) Zr 

2 5 The function of Zr and reasons for limiting its 

content are the same as in the first copper alloy. 

(c) S 

S forms a non-metallic inclusion in the copper 
alloys. Along with increase in the S content, cracks are liable 

3 0 to originate from the non-metallic inclusions with the result 

that the elongation decreases. However, this means that the 
sheared plane of a workpiece increases and ruptured plane 
decreases in the press forming. In this case, burrs and shear 
drop of a workpiece are suppressed. S brings about, therefore, 
3 5 an outstanding improvement in the press-blanking formability, 
in such a manner that, for example, dimension accuracy of a 
workpiece is improved. Such improvement is not obtained at S 
content of less than 0.0005%. On the other hand, when the S 
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content is more than 0,01%, the elongation decreases and hence 
the cyclic bending forraability is seriously impaired, 

(d) Zn 

Zn content are the same as in the first copper alloy, 
5 (e) Sn, In, Mn f P, Mg and Si 

The function of these elements and reasons for 
limiting their content are the same as in the first copper alloy. 
B) Grain Size 

Grain size of the first copper alloy exerts a great 
10 influence upon the bending formability. More specifically, 

the bending formability, which is measured by the cyclic bending 
formability herein, is enhanced with the decrease in the grain 
size. The average grain size is adjusted in the present invention 
to a value of 60 pm or less, preferably 40 pm or less. The 
is average grain size of the inventive copper alloy is, therefore, 
adjusted to 60 jim or less, more preferably to 40 |im or less. 

In the third copper alloy, the alloying components and 
grain size are limited to the above described values for the 
following reasons. 
20 A) Alloying components 

(a) Cr 

The function of Cr and reasons for limiting 
the content are the same as in the second copper alloy. 

(b) Zr 

2 5 The function of Zr and reasons for limiting the 

content are the same as in the first copper alloy. 

(c) Ti and Fe 

The function of Ti and Fe and reasons for limiting 
the content are the same as in the first copper alloy. 
30 (d) S 

The function of S and reasons for limiting the 
content are the same as in the first copper alloy. However, 
the upper limit value of the S content is 0.008%. 

(e) Zn 

3 5 The function of Zn and reasons for limiting the 

content are the same as in the first copper alloy. 

(f) Sn, In, Mn, P, Mg and Si 

The function of these elements and reasons for 
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limiting the content are the same as in the first copper alloy. 

B) Grain Size 

The reasons for limiting the average grain size are 
the same as in the first copper alloy. 

The present invention is hereinafter described more 
specifically with reference to the examples. 
Example 1 

Electric copper was used as the starting material and was 
melted in a high-frequency melting furnace at 1200°C to prepare 
the copper alloys having various compositions as given in Tables 
1 and 2. Each alloy was cast into an ingot, whose surface was 
scalped. The ingots were then heated to 950«C for 1 hour, and 
then hot-rolled to 8 mm thick plates. These plates were then 
subjected to solution heat- treatment at 900 °C and to cold- 
rolling to form 0.3mm thick sheets. Aging was then carried out 
at 440°C for 1 2 to 24 hours. Subsequently, cold rolling was 
carried out to form 0.15mm thick sheets. These sheets were 
finally stress-relief annealed at 500°C. The average grain size 
of the resultant sheets was measured. This result is also shown 
in Tables 1 and 2. 
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Table 1 



Alloy 
designa- 
tion 
Inventive 1 
Alloy 2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 



Cr 



Chemical Components (weight %) 



Ti Fe Zn Sn In Mn 



Fe/Ti 



MS Si 



0.21 0.20 0.34 0.55 - 
0.21 0.11 0.49 1.19 0.23 - 
0.22 0.12 0.10 0.10 0.21 - 
0.20 0.12 0.68 1.70 0.20 - 
0.21 0.11 0.63 0.88 0.24 - 
0.18 0.14 0.35 0.55 0.23 - 
0.28 0.18 0.33 0.53 0.31 - 
0.06 0.13 0.34 0.53 0.21 - 
0.21 0.24 0.33 0.55 0.19 - 

0.23 6.06 0.34 0.57 0.21 - 

0.21 0.11 0.56 0.95 0.93 - 

0.22 0.12 0.56 0.97 0.07 - 

0.21 0.11 0.21 0.25 0.23 - 

0.22 0.12 0.43 0.33 0.21 - 

0.20 0.13 0.35 0.64 0.24 - 

0.21 0.11 0.56 0.61 0.22 - 

0.22 0.13 0.55 0.93 0.21 - 

0.06 0.13 0.76 1.48 0.26 - 

0.21 0.13 0.22 0.26 0.21 0.1 - 

0.23 0.10 0.45 0.82 0.26 - 

0.22 0.13 0.24 0.38 0.22 - 0.2 - 

0.21 0.12 0.43 0.35 0.21 - 

0.20 0.13 0.53 0.95 0.24 - 
0.21 0.11 0.35 0.57 0.22 - - - 
0.22 0.10 0.37 0.58 0.18 0.1 - 
0.23 0.13 0.24 0.38 0.21 - 0.3 - 
0.18 0.15 0.23 0.39 0.25 - 
0.23 0.14 0.23 0.40 - - 0-3 



0.06 - 



0.2 



0.15 



0.1 



0.10 0.05 



1.6 
2.4 
1 

2.5 

1.4 

1.6 

1.6 

1.6 

1.7 

1.7 

1.7 

1.7 

1.2 

0.77 

1.8 

1.1 

1.7 

1.9 

1.2 

1.8 

1.6 

0.81 

1.8 

0.2 1.6 
0.1 1.6 
0.1 1.6 
0.2 1.7 
1.7 



Average 
grain 
size( urn) 

16 

16 

58 
6 

10 
18 
20 
17 
16 
17 
21 
20 
38 
26 
23 
22 
14 
8 

34 
16 
28 
24 
17 
16 
14 
28 
27 

27 



Remarks: The balance components are Cu and impurities. 
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Table 2 



A U 0y Chemical Components (weight %) 
designa- 

tion Cr Zr Ti Fe Zn Sn In Ma P & Si_ 

Canpara- 29 *0.42 0.11 0.34 0.52 0.21 ~ 

tive 30 *0.04 0.12 0.33 0.53 0.23 

Alloy 31 0.19 *0. 32 0.33 0.56 0.22 ------ 

32 0.20 *0.04 0.32 0.55 0.24 - - - ■ " 

33 0.25 0.13 *0.85 *1.85 0.21 

34 0.24 0.14 0.12 *0.07 0.23 - - . - ■ " 

35 0.21 0.13 0.75 0.77 0.25 

36 0.24 0.12 0.22 0.63 0.28 - - - . " 

37 0.23 0.13 0.43 1.58 0.27 

38 0.24 0.12 0.44 0.22 0.29 ------ 

39 . 0.23 0.12 0.62 1.71 0.25 

40 0.23 0.13 0.61 0.58 0.24 

41 0.21 0.14 0.35 0.64 *2.20 

42 0.24 0.16 0.42 0.45 0.04 *1.1 

43 0.21 0.19 0.38 0.44 - - *1.4 - 

44 0.25 0.14 0.40 0.41 - - - *l-20 " 

45 0.26 0.13 0.45 0.48 - - - - »1.1 - 

46 0.23 0.14 0.47 0.50 * 1 - 8 

47 0.24 0.17 0.42 0.43 * hi 

48 0.19 O.M 0.40 0.50 - - *j j> 1 »- 3 — M — 

Remarks: The balance components are Cu and impurities. 

The asterisk indicates outside the inventive criterion. 





Average 


Fe/Ti 


grain 




size( um) 


1.5 


18 


1.6 


15 


1.7 


16 


0.58 


17 


2 


8 


0.58 


♦65 


*1 


12 


♦2.3 


24 


♦3.7 


13 


♦0.5 


23 


♦2.8 


9 


♦0.95 


11 


1.8 


16 


1.1 


16 


1.2 


20 


1 


18 


1.1 


14 


1.1 


17 


J 1 


19 


1.3 


20 
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With regard to the resultant sheets, the items for 
evaluating a leadframe, such as tensile strength, elongation, 
electric conductivity, cyclic bending formability, soldering 
property, heat-resistant peeling property of solder, Ag plating 
property and etching property were measured. 

Tensile strength and elongation were measured by the tensile 
test. Electric conductivity was evaluated by conductivity in 
terms of %IACS. The tensile strength is judged as acceptable 
when it is 65kgf/mm 2 or more. The conducti-vity is judged as 
acceptable when it is 50%IACS or more. 

• Cyclic bending formability was measured by a cyclic bending 
test, in which a sheet was bent 90 degrees under the condition 
of bending radius /sheet thickness - 1 , and further the bending 
was repeated in the direction parallel or vertical to the 
rolling direction. The bending was continued until the sheet 
ruptured, and the namber of bendings was counted, where one 
forward bending and one reverse bending was counted as one 
bending. The cyclic bending formability was judged as acceptable 
iO), when the bending was four times or more, while bending 
of less than four times was judged as a failure (x). 

Soldering property was measured by a surface-tension method 
using a solder checker. The zero crossing time was measured 
by the meniscograph. The solder used was 60%Sn-40%Pb, and the 
temperature of the solder bath was set at 230±5«C. The soldering 
property was judged as acceptable <0>, when the zero crossing 
time was less than 1 second, while the soldering property was 
judged as a failure (x) when the zero crossing time was 1 second 
or longer. 

The heat-resistant peeling property of the solder was 
measured by applying on a test piece a 5 pm thick 90%Sn-10%Pb ^ 
solderplating, holding the so-treated test piece in air at 150 C 
for 1000 hours. The holding was interrupted at intervals of 
100 hours, and the test piece withdrawn from the holding 
equipment was bent forward and reverse once at 90° and under 
a condition of bending radius/sheet thickness = 1 . It was then 
observed whether peeling was present or absent on the bent 
portion of the plating. The heat-resistant peeling property 
of the solder was judged as acceptable {Q) t when the peeling 



intiated after 500 hours* The heat resistant peeling property 
of the solder was judged as failure (x), when the peeling 
initiated at 500 hours or less. 

The Ag plating property was measured by applying on the 
surface of a test piece a 5 p thick silver plating, and heating 
the so-treated test piece at 350°C for 3 minutes in air. It 
was observed whether swelling is present or absent on the surface 
of the silver plating. The Ag plating property was judged as 
acceptable ( O )* when no swelling occurred. The Ag plating 
property was judged as failure (x), when swelling occurred. 

Chemical etching property was measured by etching a test 
piece by aqueous ferric chloride solution. The chemically etched 
surface was observed by a scanning type electronic microscope 
to measure the maximum size of inclusions. The chemical etching 
property was judged as good (@), acceptable (O)r and failure 
(x), when the maximum size of inclusions was less than 1 pm, 
from 1 to less than 5 pm, and 5 pm or more, respectively. 
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Table 3 

Alloy Tensile Elon- Electric 
Ddesigna- strength gation conducti- 

tion vi *y 

tVtf/rm*) 1%) (XIACS) 



Cyclic bending 
fannability 



Solder- 
ing 



Parallel Vertical Pro- 
direction direction perty 



Initiat- 
ing tine 
of 

solder 
peeling 



Ag 

plating 
property 



Maximum 
size of 
inclusion 



Inventive 1 69. 1 


7.0 


63.9 


O 


o 


o 


o 


0 


o 


Alloy 2 65.2 


8.9 


66.4 


O 


o 


o 


0 


0 


0 


3 65.0 


9.1 


65.8 


0 


o 


0 


o 


o 


o 


4 69.0 


8.2 


56.5 


O 


o 


0 


o 


o 


o 


5 70.2 


7.3 


50.3 


0 


o 


0 


o 


0 


. o 


6 68.1 


8.4 


65.6 


o 


o 


0 


o 


0 


o 


7 71.2 


6.8 


62.4 


o 


o 


o 


o 


0 


o 


8 65.4 


8.0 


68.1 


o 


o 


0 


o 


0 


o 


9 70.5 


6.8 


64.0 


o 


o 


o 


o 


o 


o 


10 68.1 


8.6 


68.3 


0 


0 


0 


0 


0 


0 


11 66 4 


7.9 


53.4 


0 


o 


o 


o 


0 


0 


12 66.3 


8.4 


58.5 


o 


o 


o 


o 


o 


o 


13 69.6 


8.2 


60.2 


o 


o 


o 


o 


o 


o 


14 72.4 


9.3 


53.3 


o 


o 


o 


o 


o 


o 


15 70. 4 


8.6 


66.2 


0 


o 


o 


o 


o 


o 


16 71.2 


9.0 


52.3 


0 


o 


o 


o 


o 


o 


17 67. 4 


9.2 


57.4 


o 


o 


o 


o 


o 


o 


18 69. 5 


8.9 


51.2 


o 


0 


0 


o 


0 


0 


19 72.3 


7.8 


65.3 


0 


o 


o 


o 


o 


0 


20 66.2 


8.2 


68.1 


o 


o 


o 


o 


o 


o 


21 65.1 


7.7 


67.2 


o 


0 


0 


o 


0 


o 


22 74.1 


7.2 


51.2 


0 


o 


o 


o 


0 


o 


23 68.1 


8.1 


55.2 


o 


o 


o 


o 


o 


o 


24 69.6 


7.9 


64.3 


0 


o 


o 


o 


o 


o 


25 70.1 


7.5 


63.9 


o 


o 


o 


o 


0 


o 


26 67.1 


7.5 


65. 2 


0 


o 


0 


0 


o 


0 


27 68.2 


7.2 


64.3 


0 


o 


o 


o 


o 


o 
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Table 4 
Alloy 


Tensile 


Elon- 


Electric 


Cyclic 


bonding 


Solder- 


Initiat- 


Ag 


Maximum 


designa- 


strength 


gation 


conducti- 




nhility 


ing 


ing tine 


platig 


size of 


tion 






vity 


Parallel 


Vertical 


pro- 


of 


property 


inclusion 










direction dinrtinn perty 


solder 








(kg/mm*) 


(« 


(%IACS) 








neeling 






Compara- 


2968.3 


5.5 


65.4 


X 


X 


0 


O 


O 


X 


tive 


30 61.3 


8.6 


68.3 


o 


o 


0 


0 


O 


0 


Alloy 


31 72.1 


5.1 


61.3 


x 


X 


o 


o 


O 


o 




32 61.8 


7.2 


66.8 


o 


0 


o 


o 


O 


o 




33 71.4 


7.8 


42.0 


x 


X 


o 


o 


X 


X 




34 58.0 


5.2 


67.6 


x 


X 


0 


0 


O 


o 




35 73.2 


7.5 


32.5 




o 


o 


0 


0 


0 




36 58.5 


8.5 


68.2 


o 


o 


0 


0 


0 


o 




37 50.2 


8.9 


70.2 




o 


o 


o 


o 


0 




38 70.8 


8.0 


45.0 




o 


o 


o 


0 


0 




39 61.7 


8.2 


41.3 


o 


o 


o 


o 


o 


0 




40 72.3 


7.2 


36.5 


O 


o 


o 


o 


o 


0 




41 67.2 


8.3 


49.5 


O 


o 


o 


o 


0 


o 




42 69.5 


7.2 


48.1 


X 


X 


o 


X 


0 


o 




43 67.5 


7.5 


49.7 


X 


X 


o 


X 


o 


o 




44 68.6 


6.9 


48.7 


X 


X 


0 


X 


o 


u 




45 69.3 


6.3 


48.1 


X 


X 


0 


X 


V 


w 




46 70.1 


6.2 


42.1 


X 


X 


0 


X 


o 


o 




47 68.9 


5.9 


43.2 


X 


X 


o 


X 


o 


0 




48 69.5 


4J. 


45.1 


X 


X 




X 




o 
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The following facts are clear from the results shown in 

Tables 3 and 4. 

Every one of the inventive alloys No. 1-28 exhibits 
65kgf /mm 2 or more of tensile strength and 50%IACS or more of 
electric conductivity. In addition, the cyclic bending 
formability, the soldering property, the heat resistant peeling 
property of solder, the Ag plating property and the etching 
property in terms of maximum size of inclusions are all 

acceptable or good. 

Contrary to this, the comparative alloy No. 29 has a Cr 
content exceeding the upper limit value specified in the present 
invention, generating inclusions as coarse as 5 um or more and 
hence the etching property failed. Furthermore, the cyclic 
bending formability also fails due to the coarse inclusions. 

The comparative alloy No. 30 has a Cr content lower than 
the lower limit value specified in the present invention, and 
hence, the tensile strength is less than 65kgf /mm and very 
low. 

The comparative alloy No. 31 has a Zr content exceeding 
the upper limit value specified in the present invention, and 
hence, the cyclic bending formability fails. The comparative 
alloy No. 32 has a Zr content lower than the lower limit value 
specified in the present invention, and hence, the strength 
is very low. 

The comparative alloy No. 33 has Ti and Fe contents 
exceeding the upper limit values specified in the present 
invention, and hence, the electric conductivity is lower than 
50%IACS; further, the cyclic bending formability, the Ag plating 
property and the etching property fail. 

The comparative alloys No. 35, 38 and 40 have Fe/Ti 
weight ratio less than the lower limit value specified in the 
present invention, and hence, the electric conductivity is lower 
than 50%IACS. On the other hand, the comparative alloys No. 
36, 37 and 39 have Fe/Ti weight ratio exceeding the upper limit 
value specified in the present invention, and hence,the strength 
is less than 65kgf/mm 2 and very low. 

The comparative alloys No. 42 through 48 have Sn, 
In, Mn, P, Mg and Si contents exceeding the upper limit value 
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specified in the present invention and, therefore, the electric 

conductivity is low. 

The comparative alloy No. 34 has an average grain size 
greater than 60 urn, that is, exceeding the inventive specified 
value, and hence the cyclic bending formability fails. 

The comparative alloy No. 41 has a Zn content exceeding 
the upper limit value specified in the present invention. The 
electric conductivity of the resultant sheet therefore fails. 

Example 2 (the examples of the second copper alloy). 

The copper alloys having various compositions as shown 
in Table 5 were formed into the final product in the form of 
a 0.15mm thick sheet by the method of Example 1 except that 
the aging temperature was 400°C. The same testing methods as 
in Example 1 were carried out to evaluate the evaluation items 
of a leadframe, i.e., tensile strength, elongation, electric 
conductivity, cyclic bending formability, soldering property, 
heat-resistant peeling property of solder, and Ag plating 
property . 

The press-blanking formability, which is one of the 
evaluation items of a leadframe, was tested by breaking a test 
piece by a press machine, and the broken surface was then 
observed by an optical microscope. Evaluation of this form- 
ability was made by presence or absence of burrs and the shear 
cross-sectional percentage as defined below. One criterion for 
judging the press-blanking formability is that it is acceptable 
(O) or failure (x), when the shear cross-sectional percentage 
is 80% or more or less than 80%, respectively. The other 
criterion for judging the press -blanking formability is that 
it is acceptable <0> or failure (x) when a burr is absent or 

present, respectively. 

The shear cross-sectional percentage is defined by: 
(sheared cross-sectional area of a test piece) /(frac- 
tured cross-sectional area of test piece + sheared cross- 
; sectional area of a test piece) x 100(%) 

The evaluation results are shown in Table 6. 
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Table 5 

t . 



Alloy 



54 
55 
56 
57 
58 
59 
60 
61 



Chemical Components (weight %) Average 

grain 

tion Cr Zr S Zn Sn In Mn P Me Si size( H 

Inventive 51 0.18 0.15 0.0030 20 

Alloy 52 0.20 0.12 0.0015 0.21 26 

53 0.25 0.20 0.0032 0.19 ------ 12 

0.16 0.19 0.0045 0.11 21 

0.34 0.22. 0.0054 0.68 - - - " 7 

0.19 0.15 0.0040 0.27 - 0.10 - 11 

0.34 0.22 0.0082 0.37 - - 0.09 - - 0.10 8 

0.20 0.15 0.0095 0.23 - 0.11 - - 0.05 - 10 

0.29 0.23 0.0071 0.11 0.30 9 

0.35 0.22 0.0098 0.22 0.12 - - 0.04 - 0.02 10 

0.35 0.08 0.0062 0.29 11 



12 



Compara- 


t>z 
63 


U. 19 

0.18 


0.08 


+- 


0.28 












38 


tive 


64 


0.27 *0.26 


*- 


0.12 












8 


Alloy 


65- 


0.15 


0.20 *0.0003 


0.12 












18 




66 


0.35 


0.21 




0.72 












12 




67 


0.18 


0.11 


*- 


0.28 








0.05 




10 




68 


0.36 


0.14 


*- 


0.35 






0.06 




0.08 


23 




69 


0.24 *0.03 


*- 


0.25 


0.1 


0.02 




0.03 




+45 




70 


0.35 


0.22 


*- 


0.08 


0.30 










16 




71 


0.36 


0.22 


*- 


0.18 


0.10 






0.03 - 


0.02 


15 




72 


0.38 


<U2 


*- 










0.02 - 




18 




73 


0.32 


0.15 


*- 


0.31 








0.04 0.04 




18 




74 


*0.02 


0.21 


*- 


0.14 












18 




75 


♦0.41 


0.21 


*- 


0.33 




0.02 






0.06 


10 




76 


0.23 


0.21 


*- 


+2.1 


0.36 










19 




77 


0.13 


0.14 


*- 


0.17 


0.13 




0.02 


0.01 +1.1 


0.02 


16 




78 


0.37 


0.10 +0.015 


0.31 










0.05 


14 




79 


0.34 


0.19 +0.013 


0.12 




0.08 


0.02 


0.04 - 




14 




80 


0.25 *0.02 *0.011 


0.24 




0.08 




0.09 




36 




81 


0.24 


0.13 +0.011 


0.17 




+0.92 








13 




82 


0.33 


0.23 +0.012 


0.46 


0.08 






+1.2 - 


0.02 


12 



Remarks: The balance components are Cu and impurities. 

The asterisk indicates outside the inventive criterion. 



- 22 - 



Table 6 
Alloy 


Tensile Elon- 


Electric 


Cyclic 


Snifter- Initiat- 


Ag 


Shear 


Occur- 


desig- 


strength gation conducti- 


bending 


ing 


ing time 


plating 


cross 


rence of 


nation 




vity 


fonmhility 


pro- 


of solder pro- 


sec- 


burr 








Para- 


Verti- 


perty 


peeling 


perty 


tion 










llel 


cal 


















direc- direc- 














IKgT/nin i i»j 




tion 


tion 








(area %) 




Inven- 


ei m 9 7 
Dl 06.* 1 


73 


U 




0 


0 


0 


o 


o 


tive 


r n c 1 0 C 

52 61. Z b 


77 


o 


o 


o 


0 


O 


\j 


n 


Alloy 


co CO 7 7 

53 6Z. / ' 


7° 


o 


0 


o 


0 


0 


n 


o 


c a CA Q 7 

54 64. o / 


Cfl 
OO 


o 


o 


o 




o 


r\ 


o 




55 69.9 7 


73 


o 


o 


o 


0 


o 




V-/ 




RR R9 9 7 
DO Ob* 4 • 


70 


o 


0 




0 


o 




o 




R7 RR °, 7 
D i DO. 0 i 


69 


o 


o 


0 


o 


o 




o 




Rft W i 4 

00, 06.** *t 


72 


o 


o 


o 


0 


o 


O 


o 




cn C7 1 R 


72 


o 


o 


o 


0 


o 


o 


o 




cn cc 9 c 
bU do. C o 


68 


o 


o 


o 


o 


o 


o 


o 




ei ct 7 R 
61 00. I o 


71 


o 


0 


o 


o 


o 


o 


o 




CO RO: 0, 7 
oZ 00.0 I 


72 


0 


o 


0 


o 


o 


n 


o 


Compara- 


co Cfi A 7 
00 3o» 4 ' 


82 

Ufa 


o 


0 


0 


o 


0 


x 


X 


tive 


ca C*J yl R 

64 bo. 4 o 


74 


X 


X 


o 


o 


0 


x 


X 


Alloy 


ec C/l A 7 


54 


o 


o 


o 


o 


o 


X 


X 




cc cn 1 7 
00 OU.* » 


68 


o 


0 


0 


o 


0 


x 


X 




R7 CO 1 R 
0/ ou.** o 


69 


o 


0 


0 


0 


0 


x 


X 




68 65.4 4 


63 


o 


0 


o 


o 


0 


x 


X 




69 55.3 8 


79 


X 


X 


0 


0 


0 


x 


X 




70 61.3 9 


77 


o 


0 


o 


o 


0 


X 


X 




71 67.5 8 


71 


o 


o 


o 


o 


0 


X 


X 




72 63.7 7 


72 


o 


0 


0 


X 


0 


X 


X 




73 63.7 9 


74 


o 


0 


0 


0 


0 


X 


X 




74 52. 5 9 


81 


o 


o 


o 


o 


o 


X 


X 
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Table 6 (coutinaed) 
Alloy 
desig- 
nation 



Tensile Elon- Electric Cyclic Solder- Initiat- Ag 
strength gation conducti- bending ing ing tine plating 
vity formaMlUy pro- of solder pro- 
Para- Verti- pwty peeling perty 
llel cal 
direc- dtrec- 

(kgf/nn 1 ) (» (MACS) tion tion 



Con- 76 
para 77 
tive 78 
Alloy 79 
80 
81 
82 



66.1 9 

60.5 10 

67.8 4 
62.4 5 

54.9 4 

63.6 7 
64.3 5 



S3 
64 
71 
76 
70 
62 
63 



x 
x 
x 
x 
x 
x 
x 



X 
X 
X 
X 
X 
X 
X 



o 

O 
O 
O 
O 
O 



O 
O 
O 
O 
O 
O 



o 
o 

X 
X 
X 
X 

x 



Shear Occur- 

cross rence of 

sec- burr 
tion 



(area*) 



x 
x 
O 
O 

o 
o 
o 



x 
x 
O 

o 
o 

x 
x 
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The following facts are clear from the results shown in 

Table 6. « 

Every one of the inventive alloys No. 51-62 exhibits 61.0 
kgf/mm 2 or more of tensile strength and approximately 70%IACS 
or more of electric conductivity. In addition, the shear 
cross-sectional percentage is great, and no burrs occur. 
Furthermore, the cyclic bending formability, the soldering 
property, the heat-resistant peeling property and the Ag plating 
property are acceptable. 

Contrary to this, the comparative alloys No. 63-80 are 
free of S or have S content less than the lower limit value 
specified in the present invention. The shear cross-sectional 
percentage is small and burrs occur in every one of these 

comparative alloys. 

The comparative alloys No. 81 and 82 have S content greater 
than the upper limit value specified in the present invention 
and have, further, the total content of Sn, In, Mn, P, Mg and 
Si greater than the upper limit value specified in the present 
invention. Burrs therefore occur. The cyclic bending formability 
and the Ag plating property therefore fail. 

The comparative alloys No. 64 and 75 have Cr and Zr contents 
greater than the upper limit value specified in the present 
invention and, therefore, the cyclic bending formability fails, 

and burrs occur. 

The comparative alloys No. 69 and 80 have Zr contents less 
than the lower limit value specified in the present invention 
and, therefore, the strength is low. 

The comparative alloy No. 76 has Zn content exceeding the 
upper limit value specified in the present invention and, 
therefore, the electric conductivity is low. 

The comparative alloy No. 77 has the total content of Sn, 
in, Mn, P, Mg and Si greater than the upper limit value specified 
in the present invention. As a result, the electric conductivity 
is low, burrs occur, and the cyclic bending formability fails. 

Example 3 (the examples of the third copper alloy) 

The copper alloys having various compositions as shown 
in Tables 7 and 8 were formed into the final product in the 
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form of a 0.15mm thick sheet by the method of Example 1. The 
average grain size of the resultant sheets was measured. This 
result is also shown in Table 7 and 8. The same testing method 
as in Example 1 was carried out to evaluate the evaluation items 
5 of leadframe, i.e., tensile strength, elongation, electric 
conductivity, cyclic bending formability, soldering property, 
the heat resistant peeling property of solder, Ag plating 
property, and press -blanking f ormability . Here, the tensile 
strength, the elongation, the electric conductivity, the cyclic 

io bending formability, the soldering property, the heat resistant 
peeling property of solder, and the Ag plating property were 
evaluated by the same criterions as in Example 1 . The 
press-blanking formability was evaluated by the same criterion 
as in Example 2. The evaluation results are shown in Tables 

is 9 and 10. 
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Table 7 



Average 



Alloy 








Chemical 


Components (weight X) 










grain 


designa- 
























Fe/Ti 


size 


tion 




Cr 


Zr 


Ti 


Fe 


s 


Zn Sn 


In 


Mn 


P 


Mg 


Si 


(um) 


Inven- 


91 


0.16 


0. 18 


0.37 


0. 60 


0.0055 












1.6 


15 


tive 


92 


0.25 


0. 18 


0.11 


0. 12 


0.0006 


0.18 - 










LI 


52 


Alloy 


93 


0.22 


0.15 


0.69 


1.72 


0.0019 


0.15 - 










2.5 


8 




94 


0.15 


0.20 


0.36 


0.59 


0.0059 


0.11 - 




■" 






1.6 


15 




95 


0. 18 


0.09 


0.25 


0.26 


0.0035 


0.09 - 










1.0 


42 




96 


0.20 


0. 10 


0.45 


0.29 


0.0052 


0.22 - 










0.6 


25 




97 


0.25 


0. 15 


0.53 


0.91 


0.0069 


0.25 - 










1.7 


12 




98 


0.07 


0.14 


0.79 


1.45 


0.0007 


0.29 - 


- 


— 




~ 


1.8 


11 




99 


0. 18 


0.11 


0.25 


0.27 


0.0045 


0.19 0.15 


- 








1.1 


31 




100 


0.22 


0.09 


0.43 


0.85 


0.0078 


0.22 - 


— 


0.07 


- 


- 


- 1.9 


15 




101 


0.25 


0.12 


0.25 


0.40 


0.0059 


0.19 - 


0.16 








1.6 


25 




102 


0.19 


0.13 


0.45 


0.38 


0.0031 


0.25 - 




— 






0.8 


29 




103 


0.24 


0.12 


0.55 


0.93 


0.0068 


0.20 - 








0. 13 


1.7 


15 




104 


0.22 


0.09 


0.37 


0.53 


0.0028 


0.28 - 






— 




0.22 1.4 


14 




105 


D. 16 


0.14 


0.22 


0.42 


0.0075 


0.22 - 


— 


0.12 


0.02 




0.23 1.9 


25 




106 


0.20 


0.10 


0.26 


0.27 


0.0040 


— " 









— 


1.0 


30 


Ccrapara-107 


0.22 


0.12 


0.10 


0. 10 *- 


0.21 - 










1 


58 


tive 


108 


0.20 


0.12 


0.68 


1.70 *- 


0.20 - 










2.5 


6 


Alloy 


109 


0. 18 


0.14 


0.35 


0.55 *- 


0.23 - 










1.6 


18 




110 


0.21 


0.11 


0.21 


0.25 *- 


0.23 - 










1.2 


38 




111 


0.22 


0.12 


0.43 


0.33 *- 


0.21 - 










0.77 


26 




112 


0.22 


0. 13 


0.55 


0.93 *- 


0.21 - 










1.7 


14 




113 


0.06 


0.13 


0.76 


1.48 


*- 


0.26 - 










1.9 


8 




114 


0.21 


0.13 


0.22 


0.26 *- 


0.21 0.1 










1.2 


34 




115 


0.23 


0.10 


0.45 


0.82 *- 


0.26 - 




0.06 






1.8 


16 




116 


0.22 


0.13 


0.24 


0.38 *- 


0.22 - 


0.2 








1.6 


28 




117 


0.21 


0.12 


0.43 


0.35 *- 


0.21 - 






A ft 

0.2 




A Ol 

O.ol 


24 




118 


0.20 


0.13 


0.53 


0.95 *- 


0.24 - 






* 


0.15 


1.8 


17 




119 


0.21 


0.11 


0.35 


0.57 *- 


0.22 - 










0.2 1.6 


16 




120 


0.18 


0.15 


0.23 


0.39 


*- 


0.25 - 




0.1 


0.05 




0.2 1.7 


27 




121 +0.42 


0.11 


0.34 


0.52 *- 


0.21 - 










- 1.5 


18 




122 


0.19 *0.32 


0.33 


0.56 *- 


0.22 - 










- 1.8 


16 




123 


0.20 *0.02 


0.32 


0.55 *- 


0.24 - 










- 1.7 


17 




124 


0.25 


0.13 *0.85 


1.70 *- 


0.21 - 










- 2 


8 




125 


0.24 


0.14 


0. 12 *0. 10 *- 


0.23 - 










- 0.58 


*65 



Remarks: The balance components are Cu and impurities. 

The asterisk indicates outside the inventive criterion. 
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Table 8 

Alloy 
designa- 
tion 

Compara-126 
tive 127 



Chemical Components (weight %) 



fr Zr Ti Fe 



2n Sn In Mn 



Si 



grain 
Fe/Ti size 



0.21 0.13 
0.24 0.12 



Alloy 



128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 



0.23 
0.24 
0.23 



0.13 
0.12 
0.12 



0.23 0.13 

0.21 0.14 

0.21 0.13 

0.25 0.14 

0.26 0.13 

0.23 0.14 

0.19 0.09 



0.24 
0.24 
*0.44 



0.17 
0.16 
0.09 



*0.04 0.12 
♦0.03 0.11 
0.16 *0.35 
0.18 *0.02 
0.25 0.11 



0.22 
0.22 



0.11 
0.11 



0.22 0.12 
0.21 0.11 
0.22 0.13 
0.22 0.11 
0.19 0.13 
0.23 0.15 
0.22 0.16 
0.22 0.15 
0.11 
0.12 
0.15 0.12 
0.22 0.15 



0.23 
0.22 



0.75 0.77 
0.22 0.63 
0.43 1.58 
0.44 0.22 
0.62 1.71 
0.61 0.58 
0.35 0.64 
0.37 0.66 
0.40 0.41 
0.45 0.48 
0.47 0.50 
0.40 0.51 
0.42 0.43 
0.42 0.45 
0.33 0.50 
0.33 0.53 
0.35 0.58 
0.33 0.60 
0.38 0.59 
♦0.87 1.75 
0.11 *0.09 
0.76 0.80 
0.24 0.66 
0.42 1.65 
0.40 0.18 
0.60 1.62 
0.65 0.60 
0.38 0.69 
0.39 0.70 
0.42 0.46 
0.48 0.51 
0.48 0.53 
0.42 0.52 
0.44 0.44 
0.42 0.44 



♦- 
♦- 
♦- 
♦- 
♦- 
*- 
*- 
♦- 
♦- 
♦- 
♦- 
*- 
♦- 
*- 



0.25 * l 

0.28 * 2 ' 8 

0.27 * 3 - 7 

0.29 " *°' 5 

0.25 * 2-8 

0.24 *°- 95 

♦2.2 ------ 1-8 

♦0.03 ' L8 

- *1.2 - i 

0.22 - - " *U " - 1-1 

0.18 - - " " *l-9 " 1-1 

0.21 - *l-5 - 0.3 0.8 - 1.3 

0.14 - " " " _ 1 

- *1.1 1-1 

♦0.0088 0.22 ------ 1-5 

0.0004 0.23 - 1.6 

♦0.0120 0.19 1,7 

♦0.0098 0.20 L8 

♦0.0085 0.19 - 1.6 

♦0.0150 0.19 2 

♦0.0091 0.18 °' 82 

♦0.0082 0.21 * L1 

♦0.0099 0.25 * 2 - 8 

♦0.0150 0.20 * 3 - 9 

♦0.0083 0.22 *°' 45 

♦0.0112 0.19 * 2 - 7 

♦0.0160 0.12 - 0.92 

♦0.0170 *2.5 - 1.8 

♦0.0093 ♦0.01 ----- !•* 
♦0.0085 - - " *1- 35 
♦0.0090 0.20 - " " *!• 
♦0.0110 0.11 - 

♦0.0082 0.28 - *1.8 - 0 
♦0.0085 0.15 
♦0.0093 - ♦L2_ 



3 - 

♦2.2 
9 0.5 



1.1 

1.1 

1.1 

1.2 

1 

1 



12 
24 
13 
23 
9 
11 
16 
18 
18 
14 
17 
20 
19 
16 
15 
15 
13 
15 
25 
7 
70 
15 
20 
15 
29 
10 
15 
20 
21 
12 
20 
12 
19 
20 
19 



Remarks: The balance components are Cu and impurities. 

The asterisk indicates outside the inventive criterion. 



Table 9 



Alloy Tensile Elon- 


Electric 


Cyclic 


Solder- Initiat- 


Ag 


Shear 


Occur* 


desig- strength gation conducti- 


bending 


ing 


ing time 


plating 


cross 


rence 


nation 






vity 


forwability 


pro- 


of solder proper- 


Spt- 


him* 










Para- 


Verti- 


prrty 


peeling 


ty 


tion 












llel 


cal 




















Direc- Direc- 












(tef/mn*) 




(%IACS) 


tion 


ticn 








Ira ca a) 




Inventive 91 


C7 7 
Of. ' 


8.3 


65.2 


O 


O 


O 


O 


O 


r\ 




All n«r GO 

Alloy 5u 


RR ft 
DO. O 


8.8 


66.5 


O 


O 


O 


O 


o 


r\ 
\J 


r\ 




00.0 


7.9 


55.8 


O 


O 


O 


O 


O 


r\ 
\J 


r\ 
\J 


94 


68.5 


8.1 


64.9 


O 


O 


O 


O 


0 


r\ 
U 


D 


95 


C7 7 

67. Z 


8.2 


61.5 


O 


O 


O 


O 


o 


U 


vJ 


oc 
96 


77 O 

74. S 


8.8 


50.2 


0 


o 


O 


o 


o 


u 




07 
9/ 


bo. 3 


8.5 


55.6 


O 


o 


O 


o 


o 


\J 




OS 


CO 0 
03.4 


8.5 


51.2 


O 


o 


O 


0 


o 


D 


D 


oo 


70 7 
fi. Z 


6.9 


52.5 


O 


o 


O 


0 


o 


r\ 




1 on 
1UU 


DO. 9 


8.5 


69.2 


O 


o 


O 


o 


o 


n 


n 


101 


bo.u 


7.5 


68.2 


O 


o 


o 


o 


o 


O 


o 


1 oo 

102 


77 7 

73. Z 


7.0 


50.2 


O 


0 


o 


o 


o 


o 


o 


103 


69.2 


6.8 


52.1 


O 


o 


o 


o 


o 


n 


V-/ 


104 


70.5 


7.2 


62.1 


O 


o 


o 


0 


0 


n 




106 


66.4 


7.0 


66.1 


O 


o 


o 


o 


o 


r\ 
\J 




106 


73.8 


6.7 


53.5 


O 


o 


Q 


o 


o 


±2. 


V 


Compara- 107 


65.0 


9.1 


65.8 


O 


o 


O 


0 


o 




x 


tive 108 


69.0 


8.2 


56.5 


O 


0 


O 


o 


o 




x 


Alloy 109 


68.1 


8.4 


65.6 


O 


o 


O 


o 


o 


x 


x 


110 


69.6 


8.2 


60.2 


O 


o 


o 


0 


o 


X 


X 


111 


72.4 


9.3 


53.3 


O 


o 


o 


o 


o 


X 


X 


112 


67.4 


9.2 


57.4 


O 


0 


o 


0 


o 


X 


X 


113 


69.5 


8.9 


50.1 


O 


o 


o 


o 


o 


X 


X 


114 


72.3 


7.8 


54.3 


O 


o 


o 


o 


o 


X 


X 


115 


66.2 


8.2 


68.1 


Q 


0 


o 


o 


o 


X 


X 



Table 9 (continued) 
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Alloy 


Tensile 


Elon- 


Electric 


Cyclic 


Solder- Initiat- 


Ag 


Shear 


Occur- 


desig- 


strength gat ion conduct!- 


bending 


ing 


ing time 


plating 


cross 


rence of 


nation 








vity 


fonmhility 


pro- 


of solder 


proper- 


Sec- 


burr 












Pars - 


Verti- 


perty 


peeling 


ty 


tion 














llel 


cal 






















Direc- Direc- 
















') W 


(MACS) 


tion 


tion 








(area %) 




Compara- 


lib 


cc i 
65.1 


7.7 


67.2 


O 


o 


o 


O 


O 


X 


X 


tive 


117 


tA 1 

74. 1 


7.2 


51.2 


O 


o 


o 


O 


O 


X 


X 


Alloy 


115 


DO. 1 


8.1 


64.1 


O 


0 


o 


O 


O 


X 


X 




119 


CO c 
03. 0 


7.9 


64.3 


O 


0 


0 


O 


O 


X 


X 




120 


68.2 


7.2 


64.3 


O 


o 


o 


O 


O 


X 


X 




121 


68.3 


5.5 


65.4 


X 


X 


o 


O 


O 


O 


X 




122 


72.1 


5.1 


61.3 


X 


X 


o 


O 


O 


X 


X 




1 oo 

123 


CI o 

61.5 


7.2 


66.8 


O 


o 


o 


O 


O 


X 


X 




124 


71 4 

f 1.4 


7.8 


42.0 


X 


X 


o 


O 


X 


O 


X 




125 


CO ft 


5.2 


67.6 


X 


X 


o 


o 


o 


X 


X 


Compara- 


126 


73.2 


7.5 


32.6 


O 


O 


o 


O 


o 


X 


X 


tive 


127 


58.5 


8.5 


68.2 


O 


o 


o 


O 


o 


X 


X 


Alloy 


128 


50.2 


8.9 


70.2 


O 


o 


o 


O 


o 


X 


X 




129 


70.8 


8.0 


45.0 


O 


o 


o 


O 


o 


X 


X 




130 


61.7 


8.2 


41.3 


O 


o 


0 


0 


o 


X 


X 




131 


72.3 


7.2 


36.5 


O 


o 


o 


o 


o 


X 


X 




132 


67.2 


8.3 


49.5 


O 


o 


0 


o 


o 


X 


X 




133 


65.3 


9.2 


66.3 


O 


o 


o 


X 


o 


X 


X 




134 


68.6 


6.9 


48.7 


X 


X 


o 


X 


o 


o 


X 




135 


69.3 


6.3 


48.1 


X 


X 


o 


o 


o 


O 


X 




136 


70.1 


6.2 


42.1 


X 


X 


o 


o 


o 


O 


X 




137 


69.5 


4.9 


45.1 


X 


X 


o 


o 


o 


0 


X 




138 


68.9 


5.9 


43.2 


X 


X 


0 


0 


o 


X 


X 




139 


69.5 


7.2 


48.1 


X 


X 


o 


X 


o 


o 


X 




140 


68.0 


4.0 


64.0 


X 


X 


o 


0 


X 


o 


o 



Table 10 
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Alloy Tensile Elon- Electric Cyclic Solder- Initiat- Ag Shear Occur- 



desig- 


strength gation conducti- 


bending 


in* 


ing time 


plating 


cross 


rence 


nation 








vity 


fbnmhility 


pro- 


of soldo* 


proper- 


Sec- 


burr 












Para- 


Verti- 


perty 


peeling 


ty 


tion 














llel 


cal 






















Direc- Direc- 














(kgf/imi 2 ) 


{%) 


(MACS) 


tion 


tion 








(area %) 




Compara- 


141 


61.3 


8.6 


68.3 


O 


o 


O 


O 


O 


X 


O 


tive 


142 


60.9 


4.9 


69.9 


X 


X 


o 


o 


X 


O 


o 


alloy 


143 


70.8 


3.5 


61.2 


X 


X 


0 


o 


X 


0 


o 




144 


60.1 


6.5 


67.9 


X 


X 


o 


o 


X 


o 


o 




145 


72.5 


4.2 


41.0 


X 


X 


o 


o 


X 


0 


o 




146 


56.5 


3.5 


67.9 


X 


X 


o 


o 


X 


o 


0 




147 


71.5 


3.7 


31.2 


X 


X 


0 


o 


X 


o 


o 




148 


59.2 


5.4 


68.5 


X 


X 


o 


o 


X 


0 


o 




149 


49.2 


3.9 


69.5 


X 


X 


o 


o 


X 


o 


o 




150 


69.2 


3.4 


42.2 


X 


X 


o 


o 


X 


o 


o 




151 


58.0 


2.9 


39.8 


X 


X 


o 


o 


X 


0 


o 




152 


70.5 


4.0 


34.2 


X 


X 


o 


o 


X 


0 


o 




153 


66.1 


3.5 


48.2 


X 


X 


o 


o 


X 


0 


o 




154 


63.8 


3.2 


65.2 


X 


X 


o 


X 


X 


o 


o 




155 


67.4 


2.9 


45.2 


X 


X 


o 


X 


X 


o 


X 




156 


67.5 


3.8 


49.1 


X 


X 


o 


o 


X 


o 


X 




157 


68.9 


2.5 


40.1 


X 


X 


0 


0 


X 


0 


X 




158 


68.5 


2.2 


46.3 


X 


X 


o 


o 


X 


o 


X 




159 


67.2 


2.2 


44.3 


X 


X 


o 


o 


X 


o 


O 
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The following facts are clear from the results shown in 

Tables 9 and 10. 

Every one of the inventive alloys No. 91-106 exhibits 65 
2 

kgf /ram or more of tensile strength and 50%IACS or more of 
5 electric conductivity. In addition, the shear cross-sectional 
percentage is great, and no burrs occur. Furthermore, the cyclic 
bending formability, the soldering property, the heat resistant 
peeling property and the Ag plating property are all acceptable. 

Contrary to this, the comparative alloys No. 107-129 are 
10 free of S, and the shear cross-sectional percentage is small 
and burrs occur in every one of these comparative alloys. 

The comparative alloys No. 140 and 142-145 have S content 
greater than the upper limit value specified in the present 
invention. The shear cross- sectional percentage is acceptable 
15 and no burrs occur in these comparative samples. But the cyclic 
bending formability and the Ag plating property fail. 

The comparative samples No. 150 and 160 have S content 
exceeding the upper limit value specified in the present 
invention. They also have the total content of Sn, In, Mn, P, 
2 0 Mg and Si greater than the upper limit value specified in the 
present invention and, therefore, burrs occur and the cyclic 
bending formability and the Ag plating property fail. 

The comparative alloy No. 141 has an S content less than 
the lower limit value specified in the present invention. Burrs 

2 5 therefore occur , and the press-blanking formability fails. 

The comparative alloys No. 121 and 122 have Cr and Zr 
contents greater than the upper limit value specified in the 
present invention and, therefore , the cyclic bending formability 
fails, and burrs generate. 

3 0 The comparative alloys No. 141 and 142 have Cr and Zr 

contents exceeding the upper limit value specified in the present 

invention and, therefore, the cyclic bending formability fails, 

and burrs occur. 

The comparative alloys No. 141 and 142 have Cr content 

35 less than the lower limit value specified in the present 

invention and, therefore, the tensile strength is less than 
2 

65kgf/mm and hence very low. 
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The comparative alloys No. 127, 128, 130, 148 and 149 have 
an Fe/Ti weight ratio greater than the upper limit value 
specified in the present invention and, therefore, the tensile 
~. strength is less than 65kgf/mm 2 and is very low. The comparative 
5 alloys No. 126, 129, 150, and 152 have an Fe/Ti weight ratio 
less than the lower limit value specified in the present 
invention and, therefore, the electric conductivity is less 
than 50%IACS and is very low. 

The comparative alloys No. 132 and 153 have Zn content 
10 exceeding the upper limit value specified in the present 
invention, and, therefore the electric conductivity is less 
than 50%IACS and very low. 

The comparative alloys No. 134-137 have the total content 
of Sn, In, Mn, P, Mg and Si greater than the upper limit value 
15 specified in. the present invention. As a result, the electric 
conductivity is low, and the cyclic bending formability fails. 

The comparative alloy No. 125 has a grain size exceeding 
60 um, which is outside the upper limit value specified in the 
present invention and, therefore, the cyclic bending formability 
20 fails. 

As is described hereinabove, there is provided a high- 
strength and high electric-conductive copper alloy which is 
suited for such electric components as a leadframe and a 
conductive spring. The present invention, therefore, contributes 
25 to enhancement of the performance of the electric appliances 
and is useful in the industry. 
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CLAIMS 

1. A copper alloy suited for electrical components/ 
containing from 0.05 to 0.40% of Cr and from 0.03 to 0.25% 
5 of Zr, and having high strength and high electric 

conductivity, consisting of, by weight percentage, said cr, 
said Zr, from 0.0005 to less than 0.01% of s, from 0.05 to 
.2.0% of Zn, optionally from o.oi to 1% in total of at least 
one element selected from Sn, In, Mn, P, Mg and Si, and/or 

10 optionally from 0.10 to 0.80% of Ti together with 0.10 to 

1.80% Fe, where the Fe/Ti weight ratio is from 0.66 to 2.6 
in a range of from 0.10 to 0.60% of Ti, and the Fe/Ti 
weight ratio is from 1.1 to 2.6 in a range of more than 
0.60 to 0.80% of Ti, and the balance of cu and unavoidable 

15 impurities, and having an average grain size of 60 urn or 

less and a microstructure comprising aging precipitates of 
a Zr-Cu compound, chromium and optionally a Ti-Fe 
intermetallic compound. 

20 2 . A copper alloy according to claim 1, consisting of, by 

weight percentage, from o.io to 1.80% of Fe. 

3. A copper alloy according to claim 1 or claim 2, 
wherein the copper alloy is a rolled sheet having a 

25 thickness of from 0.1 to 0.25mm. 

4. A copper alloy according to any one of the preceding 
claims, wherein the Fe/Ti weight ratio is from 0.66 to 1.7 
in a range of 0.10 to 0.60% of Ti, and the Fe/Ti weight 

30 ratio is from 1.1 to 1.7 in a range of from more than 0.60 

to 0.80% of Ti. 

5. A copper alloy according to any one of the preceding 
claims, wherein inclusions included therein have a size of 

35 less than 5 urn. 
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6. A copper alloy according to claim 5, wherein the size 
of inclusions is less than 1 /xm. 

7. A copper alloy according to any one of the preceding 
5 claims, wherein the average grain size is 40 pi or less. 

8. A copper alloy according to any one of the preceding 
claims, consisting of, by weight percentage, from 0.0005 to 
less than 0.0080% of S. 

10 

9. A copper alloy according to claim 1 substantially as 
hereinbefore described. 

10. A copper alloy according to claim 1 substantially as 
15 hereinbefore described in any one of the specific Examples. 

11. An electrical component made from a copper alloy 
according to any one of the preceding claims. 

20 
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